
A0-A115 101 MINNESOTA UNIV MINNEAPOLIS DEPT OF AEROSPACE ENGINE-ETC F/6 13/13
STRUCTURAL INELASTICITY. XXVIII. (U)
MAR 02 P 0 HODGE- P TAIT, J MALONE N00014-75C-01T7

UNCLASSIFIED AEM-HI-28EhhIIIIIIIIII.
ElEEEllllihllE
EIIIIIIIIIIIII
EllllllEElllEE
IIIIIIIIIIIIII

III



________ 13 .2

mli--11 .-- 4 1II2.2IIIII 1.

MICROCOPY RESOLUTION TEST CHART

NATrINAI HURfBi Of € TANPAID l~v A



Is A
Report ARM-HI-28

STRUCTURAL INELASTICITY XXVIII

_Final Report on Structural Inelasticity
at the University of Minnesota

Philip G. Hodge, Jr., Professor of Mechanics

Patrick Tait, Research Assistant

James Malone, Research Assistant

Department of Aerospace Engineering and Mechanics
University of Minnesota

Minneapolis, Minnesota 55455

March, 1982

Technical Report

Qualified requesters may obtain copies of this report from DDC

Prepared for

OFFICE OF NAVAL RESEARCH
Arlington, VA 22217

Chicago Branch Office t)Tl
536 South Clark St. S JUt0 41O

C Chicago, IL 60605

LAJ

__I .W Flat 82 04 27 109P" ,!* a wlt
i '-- -'--_ - lm _ - . .. . . .. 'z'' .



__ -_________-_ll_,_______, , REPOR D(P!ENTATION PAGE MCPXS'S CAM
u.sp@L SMSRVV ACC11110" XNi M

AEM-Hl-28la wf

STRUCTURAL INELASTICITY XXIII Technical Report

1. AUT"16 DRt~ U.gSTAT@1 5*?WaUT
Philip G. Hodge, Jr., Prof. of Mechanics f/tv14-75-C-0177

5PERFORMSN ONGANIZ Arlai *ANN AND AmsEs 111; m1fllulk1 iMrstT=fWc TAWK
University of Minnesota
Minneapolis, Minnesota 55455 NI 064-429..

%I. COTRL&INO OP1PIC S AS AN&ODOSM W. REPOT DITSM~rch" 2982" "
OFFICE OF NAVAL RESEARCH .... .8"
Arlington, VA 22217 '3

, o i. 0 - w * i . . d - S m N O d S . .. . . . . .' C S . ..

OFF ICE OF NAVAL RESEARCH Unclassified
Chicago Branch Office I" nu .aW osomT.omu
, 536 South Clark St.

rhgan TL A L cnq*|

94. 05? EUTION STAT9114NT 00 .s. 4a.DeSu DD~~ES w

11h SUPPLESEISIART more$

19. jtEY WORDS (emom Ms.. .. SIDPa-6-ep mi 00.11 4W b0ss 0

Plasticity., quadr&tic .pro~rauuing, shkkedbja

VA summary and bibliography are presented of the investigation
of structural inelasticity which were carried out at the Universit
of Minnesota under the sponsorship of the Office of Naval Research
during the period 1971-1981. Also included are preliminary reporton two investigations s.till in progress.

DD ti" 1473 w o,,O,.oSoiS.3u ~ l S I.t s , -, o .ENUY.. S POA R OWi~ ,. TRW P..m e



( a

a 0l .4 0 .0000- 0 0.9 U0 m4 .4 1

*r 0 4. .09 Z ,1

?A O0 0 U S 0 1

.90 .9.9 It

x 0 0* a
o. .9 o. 69 0

0

119 0 0 't 04~

z .4

69U '.4 0 11 f

OW0W w!
so 0 094

0.9

0 0m.9 100

CLr. 0 60 a

69 0 .
.9~f~ 0 0 0 *

n0 .4 .9 0 4

1 0 9 r 9 0 0
C) 0 4 - ! O 0 

n~I U1 4 ft0f
* 0 0

* 06904x
o ? 9

O U *U FA 0. 4

* U 0 .40 0 IN m '. s .

MU 9 0 .0 ' 9 ft 19 j
UC .4-900 f *

0 0 Or C60. = C4' 9 0

0 6 9. . 0 L 0 0 U0

Up 14 0 1 -. .

mU It 00

0..0. 3 - m m0

00 lot ft -C 4 0 4 . U



-M-

60 -W W 4hI . 0 4

- 0 E S 304141

01 )- - I 0

0 0 '

402

Ii' 14 I41£ £ 4 1

0S 410. M 4



16

ONi

ft ft A

A es 'a wt A. 3 *

4- It 1 &.

.u X!, f

JI&A9* j I! I
04

T A . rh 0 0 s

ft. tt , P



.4 '4
wa

a.-

* - - i - '. ,
0 6 SO 0 414

41 u 0 0 0

14 i 41 14 U -
4. a a4.~

A'A4 g1 -

o ~ ~ .* 141 4114

~~ c

-44

0. a. ~ 1 v1 .

* o i 1 0 -0 60.0
aa

'4~ ad a '

v o ;IO 41 41 0

00 00 14*

4-4-



IT o-

lb41 9 .

ft~I ~'ft

0.2It W606"

Oftmft 0f -C vt- b

oftft f O U

a vt ft 0 0 f 0 a 20U .-

a a 4 c.

- 4 to 
f

~~.P 260ftU f

a, ft

ft a' 4 w~ 4 . cDft9

0,t ft Q,

U. ~ S a ~ f

I 0

0 ft91 0 ~ 0

U S Uft U. 0.00



* 4 0

di O* .4 0 4

410 ;. 6 4* O

.4 r *~ .

41 4 14* U .U .
4* O.C - U 0 4

0 c 0.4 . 1 6 4 * 4

U 3 41 0 C U 4

41 -X ~*
4* . U 4

* 40

0 U 6 6

46~:4

U*C 4* o* 0* 9 4

941



,< * m S . U •
if~~~~ a~00 Q 9

5' 1!

9 " "

5~~. 4 h *

1 0 f " ! - * .

t 9- , UI 9-I,. ,,t.-

*!..I .+ 0....
8 .. ,., . C ,.,. 9

S" ,', ,4 9 . U. . , . ,0

fl E 9 " 5O. [

ow I

S&6

[ +, g .

if? * a.
if 4 .9 0 C U if 0



0Q

*r 0
40. C I 

0 .a 0.FW~~- L)4 0

v a ii U a a 4w 4

4A-4

a W 0 a 1 0 *
~.4* 4*a 4 0

04 . .~a a 4 6
0 A. 0 0 3'a4 6k4.

0 ~ ~ a 'a 'a -
0.4* Uo D. 04 .n . a a 6d .4 4 -

#A 0 0 ;i S a - 4

0 * A. * D.0* a -4 .i

4A *.a ci i .4 a 66 4A a 4*

.4 a4 a4 A * 'm .

tv a4 a 0 We %0 4

an0~ .4 u 

*0 a. ac a C 4
* a . - 0 .

P3 .4 4 * 4 4 4
4.4"44 U .4ea

4a Si 96 a- W4S 4 4 a l

a x
a 4

C6 .4 v. a4

a i a
4* k* u ~ 0

o 0 .0r~- *aI C

A Ad a4 W
t 0 a 1'4

*44
Nc 4

-4 ai IL0
*~41 .4 o~Z ~ 4 0

C4N



II
on

-0 a1
I-C 0

a h' 0

ft -1 W,;

0

a lb Q

I- ft ft

10 * t0 0.U
* 0 I .

WWft zI~t



00

-4 . *0 A

~4 0 0 U0 0

C) 0) 0 3

*~ -4 - 0 1 -40

010 114
u 0 4"

0 ~ m 0 0.
a A, $4 ~

10- 00

0C a, 0

a!

4 L 04 0 .

4444wC 4
w4-4 0 ~ 0 4



C I'

pp p- o t n 0 o
0I AU 1 0. PO w

w r F -o

* C s U' 0 n 0 n -o -
b* 0 -

I L 0 P- 1 . d 5 4
w' 0 % t

40 U 0 t

0t5 10 "f U l.S S ' P 5 *i~
ft w. P. ip

a.0 to to 0 . U
U 0 -s-O t 5- UU ft

*~~~~~ 0. 0 5 U U'- 5 O

Oft. t~jft U ~ Gft

C'~~ 0 U f



N 41

C 6 .4 Ig4* .4 0*

.4 2 544 - 4*.4

.4 5 4) 6 . q 0 A 4
1. -0 a*a.5 * 41 4 a 6.

46 *- 4 0 2
a - A

= 0 * . 4

.5 ~ 1 -4W..

06 A0 0 r4 * a a " 1 2C
60,4 w -0 4*5 : *o

4~ 0 0 * .
4 4 0 4* 6.

A4 0 0
C4 w54 5.

30 .4 to - 4 * A

I I C a4*c 0 k .
-4 ."t-4

I .4

.44 .

.4 > -4 5 - C. -

-4 as

.44 .4 a 0 4 64 .4

- j ro 660
94 aP'

41

0
'4

* 4

14 c

0 .4 a41 B.



.9. 0

ES0 00

ft 0 0 t 5'

-0. 0 0 n I:~ £ i a ~ ~. ~ .f.

4~ S N U 0 .9 .9 No-

rr ft ft.
~ g ~ft

SO 0 ~ h 3

.5 ~ ~ w 0 0 0..5

ft w~

Q9 . 0 a ti .

05 5 so0

19 0. * * ~ .

.9 .9 9. .to



.4C

) 0 4) 4 0 0
.4 ~ A r (A 0 4 4.

44 0' 4 V 4

r4 a 0 .A C U ' U
4 4 to .

41 .4 4

0' 0 4C

4 L .4 4. . 4 ' 0.
a. A4 44 44 4' 0

C 4, 0 6.4 06 a
a4. -4 . 04 44 1 4
n 4. 4 ' 14 L,

44 .4 14 4 44 0 1. Sl

u N~

O1 04W A4 ; 4.4 0 4

o . 0 4

u N

-4 44 4' .

a 4 low D'.

S C .4 44.4 .3 .

..4 4

644. 0 C

*0 41 0

tCt 0 w c 41

044 Me441
44A A4 6

14



0 Sw 31-
0. Wf mf.~

no

g ~* ~ Q

& A.

i " R .. .. i
0 0. it

.o, t. n

so

0- 0 )a



* -4 14

44 I --

U. U U ' U U N '

C~~ 0 4 * A U A ~ 1 4~ 4j
* .' A~. 14 a' 4 U .

44 fl 14 4 'U ~ XA

o 0 U ~ 41

6-4Uw 44A

14 a

?A 4 . C 14 U. -41 U
I44I O U S U-UU4

S -0 Z o a so 1

V *0.0

14 1,4 5
IL 0 0 4 .4 U ; 6-.4 4

0. Q S 4 U 4 4 0) 4u mo .U ' U4 ' 14
. .4. DU. .5 i.

44 P 3

U~1 U 4 ' 
0

5' ~ ~ 445 6 4 .

o~~~~ 5' - . . .4 N 4 0 4 o -0 44 4A

K~ 44 UW .4 -46 4 U . 44

144 wO

I- U 14 p. a A p
w DU .4 m

14 Ii14
:44 .4 .4 -"4U

U 440 0' U
442 Uc V.4 .4

okt~ v -A a.

1 iZ 4 U44 P

14 .4 U, J i l IU a x
aq oo 634 0w U4 U0 a a



at al 0. I

+ Ca -- rH
IV 1WA~'.

fl, 0% -

5. -t - I * A

o ~ ' - . WY 'V
X, ft 0. 0 H

15 A

w 0 a s
pr I I ph

a U ~vi

to aA IV

w ft
* 0

5' ~t 0 3 Y V

11 4 0
a WY I0 a Ht

WY a' I a

-W A WY

'V HWY W



41

4A

.4 61

0 44.I 61 4 .

41 %4 61 61
- 4 0. 1 4 44- 64 601- 0~ %4 4. 4A* .4 i

0 0~ 5 A .66
4, toU

a1- 14 1 -0 1 M . o

. N 2 41 0 t w1

14 1 .0 A4 aj w 41 .4%
V1 o0 1 O 42 04 1 C 0 4 rw

I~~ .1@ . 4 0 . 4 * 9
14 0.4 0. a

4. ~ . 0 . 4 . 0 . 4.44 -

D. A4 w. 0 0 14 44. C14 Q 44 C 6
1ca E.44 l4 0 .0 4 a. - 04 0 a. . ~ k 61

4. 64 .41 A0I 4 4

0 4 -IO 4-.4 4 0 4

41 ~ 414 0 0 w 6 4A . M 1 a
0 * .- 014

14 614 0 14 'A 4j 41. .

4. 00 0 0.4414

S. ~ .41 4 :x
a "

0. a44 14 W -- N . .

46 1 0 44.4,4 M 4 3 4

%4l 4 9 I 41 6 l .l* 0 I

a1 10 m0 "

.4 4 .4 a1

0 61.V 46 8 A

14 9 a - 4 61

61 P4 %d ow.4 44

P1 4 -. a 1

.4 ~ ~ ~ ~ .10 4 u 4
44 -

M 14 -1 - 4
61q

61 614.4 4 - 3.4

U 1N- .4 .

.3 -4

.34-.4

.3 .44
.10 a-0

4~a z4

2 a aa.rI



910 - 9 • 0 3 J.. .

.0 0
1. 0

9 -. .9

I-, ' - U €90 I,,, W

S• -- :, " o -n. 3<",~ Io n
*0 U U I II

- , ,. i .,. N I,.,-

0 0
n - a9 ° ' gii o 0. ,,, * ,.. o . ,

-, 3 ,Q 9, :S 9,0 -0* .-

-, .I i n. 0,* 91 U . } .S0 1 i

* ..- m . -i, .

9- , 1 0 U

iS ni n

II A .30
i- P Ul Ii ,,+ l

a i n-. a

is' U i,,I

1, 1 . * 0 91I,. in *15

0 00

m i ' w .,,

n m 0

,, f - 4

o 0 p". . ". +|0:

O 3[ o . U if , a-.0 l'p

91 - - 0 .90

Ofta 0

ft~

,, o * p.
* 3. : • 0 ..- *I

S* *.0I I' . I

91 '1 0 Q N - 9 1 3 * i
IV D m 0 0 I , 0 9-.J

3 Ua' , 0 .g , o U 9• o =a,,. ,, . p . < .[ - +_- .+ ++ o . , . U+ + ' '

919Ib! f t X S. " - + +

U9 I*O 9 '
I- U n- '

, 2 . .. . . . . n, . . -- . . + . ...5 ..15 41. ... .. .. .. ..91.. . . . . .l . . .. .



0 A

.000 * U 41 0 u a4

4.a u

0 6 4 4j 3 . 0 E
i c

U 4jU 4'
a~ ~ a 4i
u4 4 .4 0 IW

r 0.
4a cu a 4

.4 a4 0 a '4
4' w A4 .0 :0 4'fl 40 14 . a a a

4A ao .44 A di*a4 4j a 4 0 J 0
-j .4 .

F4 > 4 a a 4
11 44A

A 14 a N 4 0 4 a a
C - It .0 4 a £

314 aa -a ' ' 4j a a a
~U 0 4

C, i. )'- M, 04 -4 a1 aa
.' a %d 4' "4 a:6S' -C44

a~g~ -.044

4.04.

-4 4N, 4. w '

04 v a * .0 4 @4.

a a.u

31 
.4 .

C4 Iwo 4w .

*4 4 j.4 a1 .4 a4
a~~. 0 P5 ' 0 4 4 a 4' 44 .*I 0 D.. 040o

0 0 4 .4 04 *

a~6 0 .4444 aa . 4 4

444 -P4 04 M4 S N4 6 4

11 31-2~ 44
a.~~4 oa444A a4

C..4

a' 0' a . 4 4.

0N a 4' w %N 2-0. 4
a : 4i i. u



W, 4 0 a*

a~o ft I * 4 a ~Igo Ud

* O3 a lop

*~ .4. bftOII

IN
N =.4~ u 0.4 4 IN I

z .4 m m B- t

.44

ii~~ i 1IU 1. *1 : C

a. ar VO .
10, P1

.40 .40 10 IN * 1.4

-C~ 6 IN O
0 10, .J 04 P1 4

I- 0 .0

'x""
* 0 3.4 .4 0

9' rp .

N ft 0
m



aa

*r -0 w

w8 d a v .4 - -
a41 AC 14 U

"wn o . k 604 o 41 l otU

0b14A 140 . E 0 4 1.
4 14 *U4 -'1 c

04 IN40 1

*p 0 N 0 a V Q4 . - U E 4

0 0 Aa' C.
* a, 14. 14 1 0 1 * - o

2
4~ U4 0, 14 IL a
4 4 a 4' 0 u 0 14 a a j A

" t, 0. 44 a, 04 Lu n

a 'f"* a 4 4a .

480 a C 96-g ~ ~ 0 r S 4 Mc- -. 0 c- 4 .t i l l E a .0

40 4

4 8. 4'

a*4 .4I ~ a4

4A .8 4d*I ~ ~ I

om. 1 IS A~ g

.4.4~ a.4 ~
U~~~~~~ U4 U 8 1 U uf. . '
-4~~4 U £ 1 W -4 - ,

a. 14 a . D 6 o
k.4 14 14

.4 .4 o. .4 a g0M 6
III U 0 0 a .U1 0

U ma 4A



ii 0 r i a' 00 0

0 C: 0 0( 0 0 ~ l f 0

Io-
a a 0 ci 0

0*0

a p- 0 0 a

om o

rp 49 rr _ 10 ft f 0f

07 0 aOl 4 1 i

ft 1. 0 t 5t

0--

t P i -'
0 0 D.U

pr~ ~ ~ : 1P'-

ii 0 S0 ti I 2
o r

c a, fS A fr 0 O .

7*a i 0 0 a 0
ft a 0 4- ft wf w

Do -0 0 .4 7. r
f t ~ IA .

0fr

M:;.fif -4flnf~f 22~

Cz 2 !?M I,0:
i FA- N Z Z -Zif Z Z <i Z n2 ~z =

I f~ ~ ~ ~~~~~ MU~ - UU) fn-- i C 2 * - C f 2 - * ~ C

-v 22 TV To M, M.- m x w2 C

2C0~~~ 2M Z x ri Z ? 4 -2 42Zi- c0
.02 a2 0 if -v -4 iZ Af Mf mf mf m~ 29 x m r-7! "

00 2 2 r Z o 10 c 2 3 - e 0 C %A M n .6 ;

- 2C m2 Jf Ir a m . z r - m f l ~ 3 2 3 i -1

"3 2 2 z x r ' 2 N 2 2 ~ 2 IR M

2 Or n if f f - M ! r- 21 if c ,

92 z 0 C3 r 3 z 2 2 2 2m.
c Z 20 - %- -( 2M.- ~ " (42 !U I Z 71 0 C* z - f 2rn (n o UC,

0 ~ ~ z -o in -i2 -4 M. z rI
- 4 a C, X 3 C) r Z m I fr ;2 2r; '

ma~ ~~~~ -2if C i - a C &r
ccz w m- r c U, !t a, -z r-

29 5 m u, C. -Mf x C, 1, f

W, 02 2 CI M. r, if 2.

U) -n 0 -- 2' C f f 2

" LP TF 0 0 - Z
Im if Enf -

92~~U x ic .-
C 2.It 2 2. m
* ~ .C -

2 2. C

tc 2.

zU



C FA
0 o .41

C 14 .4 1 Cm w".44 4 O.0 - 41 0-4
C. 0 0 4 0 .0 A. 1 0 a

44 41 0. 41 a4. 4 a. .4

41 44 0 0 . ' C V 4

14 U 
U1 4- 41 .

0 U O

Ci~~ " 41 4 41 4 .. 414 U4

.4.A -0 41 00V4 w 0 co~ C 4 0 0 "41

4.4~~1 , C1 41 4 04 4 1. 4 @,4 .
44 ~~ ~ ~ ~ 0 'm E" 0. 041 i 4 4 V 4 1 C "4.

* 1 41 4 4 1 C0 E4 0 0 0 P
4 C C 14 0 4 14 140 C C V 1

4) 04 4A4 4 4 .. 44 @ 0 4
41~~ C we05 14 C 4

C. 01 u4 4 4U @ 1 1 0
u In %-4 0 ,44V 4 41 c.

1; El t 1 a J 04 a1 4 . -. 4 1 . 0 8
0 4 0 41 41 a1 c 1 . @ 1 4 4

4 ~ ~ 1 AC 412 1 4 4 V* 1.4

41 .4 1 4114 U 1 4 0 . 4 1 4 4 4 4 04 4

Um 41" V 4 41 V
'ej 

0

14U4~4a4 '080..- 4004W40.44

41~ 04 0 1 C4 4 4 4 ' 0 0 .4

.CC ell mI
44 4 14 0 44 4 44 4 0 41 4 1 0. 41 1 1. 4 P. 4 .

0 0 0 0 0
0 f '0 U U

in 0 '

N 2 0 , i
c) U) N oU) -rlI l fIt ) 4- T4 a- - w N

2. - I CL

44 2 dJ 2 W 2

41 0 4 0 @2 41 Q0 0 0 @ 1 0 0

0 z - 0. a D 0 .j 00 0 0 j. 0 0
4- z .. at z.. - .

z 4-zw



a" , OX .. ...

La

0' . * I i-,A (
, 

A (A, Ci Ii' ( .,0

w* .- "* * L * I , A', L

iCl 
-(A *W (r W 'V

A.0 C.'

0 pr 0 - 0

In 0 ft 11

0 Jo 0 g

no - - . ~ '

*" -, . " . '. Os.° . .

* W '0 0 1 ' 0

I N1 ."1L .I'. ', "., 3 1 , 1Ai

LAri. 
-" i il I -I I- -

Po 0 0L " % ' 0 0 o f

C. cil4

f 
! : - U .. '.4 .- 0 ;

, 
., 5.L ( ,A # •. • .1 '0 .0

la""

I 
.," 

*,, 

,:

I13.

.al



N

N N N I,

+. +
- + +. M

+i + *... x x

C4 z rd N

Nz N +
+5 i5n + + 

+ N, 0

Is - N m I

N~ ~~ N .. 5 N * N

N NN ~+ N N

+ m2 41 +
N N - N N U

44 Nc m 0" f" + 0"N N
. N In N, N ft N N

+ N5+ N .

NL. + + S. S

4. N. n N . J 4 4.
+ 5+. 400

N 4A 4" m fn on1 N

I NI . 1 +

4. l 4 . * . .
4O No 5 O N A -

-x 
in...

5 NL. .. $~x
* .F' 2 21 2 . . .0 N 1 N 4

* *4 a 4N

5. C

*A .414 w C

41 4.A 1
a CN

14 0

14 41

f4t



Jo2
8~t 0 .

.0I.a

W 00'a0
Z~if ur

"L' am' 6
Za II a i

e0 0f JOi

if .
-a~ a- U.2@

* if.
0 [Z -g- . ga 0

aJ "a M O

I N

0 9 0



>I

Qa

44 41 0 l8 o

a) A 4 A

41 El 1

4AA

14 ElSE

4,41 C; .l4

I 11 01 1

- >4 41 441 1
"ZI N C a

41 
0. 

E

V* 0

El4 -.44Z

IL 
-4 14

44 a a .4 0 l A
a 4 0 464

.41 . ~ + a~l
c 41 va. X

A~ - c
Lo 4 414 wC

-4 -4m -a 41 U4

a 4 l a4 41 N - C41 .4 1

au 4j aa a

~N .41* -
Id W". ~ .411



e-~ U
~ 0

4
go
*u *,.

'I

I-. ~o
' 0.
U
ml
Cu
.0 0

0

0
p

I
0'
p
0.
*1
0
p
0
0*
0
0.

*1a

U

S. .0 I,
N t~. U

9-.

m~-0. I-

P0
~:o.n

pb
o i~S.
0. *1 2'*lI z-o~-

L~. h..-

~

4

U,
-J



'04

2 ".

lU,

'-

- a e.

* .4 -



*0

* 0.--
0' -

AS

o
o *1

'I

-: 0
a

I if

*1 0 -
C
U
0 -

6~

'I if SU C., -

-. -
AS

0 to

'C

I,

I.,

0 0s
a

if 'I
II I
O A

0'7 U
* "S
UaI -~

I if ml
1%

H-~-~-~ -~

N

C
C'

0

01

9-
! .~~jCC~W~S ~ ~-~' ~ -~ I UC.CIts~rw~Cw0 - -ii



AC-

0

m

~ S

CJI

0%~

C-q

IN



a.'

I- 

-

-. -o-

a d

II
m .

-

.2. w a-



.-.

-~
'A

u~ C A
* p. u~ *aa, *

-I - ~4

- -. U I I
~ -q ~ - a * * *

*~ ~. A. A. A.
-. N. S.a a a

.~ A. A. A.
L

* a., an
* r t r A P4 -

P -..----.-.- 4 *-.--------- - - A * I~
* U' U' uI~

ci I I U

o a a
- A. A. A.

'~ 0 £ - an in a.

In a. ~A

* ~ a

a a. S

'8
'C

-3

a,

.0 - -~ ~b-4 S.- -

-4 b-~ - '. ti -
~ a a

C - - b-4 S.- -

- - ..J U a. S



S ~ C ~ S
--- .-

S

- - - -4

- -. 4 )-

- - - - - 'S.

',~ ,~

a.

U

% S C a. S

0' C - n- -~ *~- '~

a. * - - - -e *- ~
S

S.,

- .-. t

- -~ b- -

-~ ~~0'

C'

5'
'S



0 c -

-i a

G o -- 0 0

x ON

41

- -

ID N

- ___ ___ 0 N S

7 +M



'T 'a

o - ~ l*- -

.a.-* (
gI , , -

-J -

0 0

J -=

g , p...

i l@.



40

a) c @3 C 3
U C .0 0 . v V 10 o Aj0

'-4~ ~~~ ~~ Cj @3 " 4 4 - 4 0 '0~

a) 0 p3 U0 L) A1 A" 0 41

4, 0 @3 3
14 - "4 ' C U

c4 u. @3 "' 0 A 4 j 413 @ @ 4 @ 0 C 03 V @ 3 '
oj 0 0 G O1 . @ 3 - - ' 3 @ ' 3 @ 3 V A " 3 b

0. c. 4 @ 3 U " ~ *4 1 3 2 2 4 3 @

@3~ ~~~~~~~ 03 @ 3 @ 3 00 0 @ 3 . 0 3 * 3 0

@3 @3 0 @3 .3 U - 3 @3 . 4@3 @3 @3 14 @3 0 @3 4' @3 0 @ 4 . 4 A @ . 4A 4

c 0 3 C C @ 3 2 1 3 A 3 U , * ~ ~ 1 3 @ ' @

w 4 . 3 U @ 4. 3 3> 4 . @

01 r' .40 0 ~ 1

-4.0 -0 . 41 Vo C 400,C @

.3~~~~~ C x4~ .~
c 0

'~~~~~0 -'' '48 *--0." a U U3.
o . @3~ 3 U 0. @3 3 3 ~. @3 A 3 @ @ @3 '. .3 A .4 @
-~ ~~~~~~~ 43 @ 4 > 4 U 0. @ 3 j V ~ . 3 C 4 0 U '4 @

.4 ~ ~ 4 4' 3 - @3 @ A " ~ 0 3 a .~ 4 "4 0 1
@3 ~ ~ ~ ~ ~ ~ ~ r 14 @ 3 @ 3 C 1 . * 3 - 3 a ' & m 0A U -4 @
'4 @3 @ 2 1 @ 3 3 V ~ 3 @3 ~ C 30 "4 " 3 3 .

"' @3 q3 U>'C 0 A 0 @ 3 - 3 3 . 3 - V @ 3 C
4' ) -' . ' @ -4 U A . 4 ' @ 3 3 '4 C @
AZ 0 .3 "4 003~ 4 C @' C A 0 4 3 3 @ 4 1 3 @ 3

@34 UJ @. .3 .3 .. .. .0 .3 -4 0 U.

C w 4 @ 14 = C U 3 "

4u ~ 3 U 0 @ A C x A C
"4 C 14 M V4 A

u4 C 3 3 ~ 3 1 0 0. 4 A - 3 A.'

- '. 0 , %. C - u '.4 U . C @3 A '4 @3 3
@3 V - I @3 = 4' C le 0 C "4 it w32 * @ 3 4 0 @

14~~4 @1 0 4 V . 3 - @ 4 . 3 C 1 4 U C "

E, A . . @ 44 ' 0 0 @ C 0 2 0
.3 '' @ '- 3' ' " '. '.~ ~ @ @3 3 U 14 2 .3 3 @

@3 14 ' 4 - @ 3 A A0 @ ' 3 U " - 4 @
V~~~ ~ w 03 04 -4 @ 3 V 0. - 3A U 0 .

"4 0 i v4 2 @3 u 3 @3 Ca

@3~~4 03 0 '. A3 0' 3 1410'~~ 14 V - 4 @ 3 - U '. 4 C 1
4' 2. 3 @ 30 "4 0. @. A 3 U

W0 0 ' g 4 C @ @ 0 A A4'4 1 4 3 V @ 4 1

14 V C- k a 3 14 C -4 .3 @m3 =3
M3 03 @3 @ W4 " 3 .M . 4 .b3 U ') 4 "

@3w CL
@3 Q3 4 w C @3 @3 @3 ". 4-~13 U * 0

@3 0. c" A c3- C U - @
- - 0- 0- - 4 @

14 C 4 C .4 A 04 C @3 1 C ' @ ' A 1

C C m3 .- A C C @3 - @ .' A 1 0 C C '

4' 1 @ @ 14 C U ' 3 4 C 3 9 '. ' 3' " 3

@C C0 a) a c ' C @
0 -1@0 3 ~ ' .

V o



a - 0- 1- 0 -A a 2

0~~~~ PA A . * 0 lf t t
A.07A a. * Pit M

* ~ ~ e It 00t~ t O A P

C*~~ &00 . . .a

* IA . S 0 CA PM ft C
* * W A. 0 0 1- t * 7 J S

1- 0 ft f C f A . * f

A. . * 5 ft ft .

nt Pr 0 t P P . A

ft A~ft 0 ft a

a 05 A C ~ t 0 ft

:1 I t 0 - S V f . f a Or

a, 0 ft A 0 0 A to .0c

ft 1% It 1-.B U ft .
Ca 00 0 ft U S S C ft a -

a~~~~~- I"T 1 U 0 CI N 8
ft WO V M f 1 C

ft 0. 0, M= a, 0
0 7 t

It0 ab A ft AA

of U ft 0 A U V V A.-
It m. C a a U U . S f

It 01 0. 0t 11 w0 1-t0
0-f 0 A.N 1S A

P1, It 0. A. a. 7ftt ~ 0

17 c oo 4. 0 - t A

mt o 0 0 0 . f

wt ft W A. ftaV
t C t t

P1 n . 0 7 C t A
o0 c ft ot f 0 0 .7

0 0 t A 0 5 C A. 7 d

0 nt0 A
A. 0

.10, to



tU A

41 W o

1.

o g

-4 44 Q C-4

N 1 N .294 S0 U 4

'. " * U £41
-. ~ ~ . N N. . 4 .. 4 .

a 0N

k4 c

%4

go "I Uj 02 4 N. 4

14 ~~~ %I ~=c I C 0 u.0C '.~1

41~~~4 0 4 - 4 -0 0 w N 4' 4

CL 'S
* 1 0 U

U" A4.

'I C a
o~~ 'S 4j 4. 4 - 41 .

*j .-' .4 U4

0 1- . U . 0 C

00 w4L14
P. 140514

C! 41 ' t; -

C a I I44 * % . ; I

+ + 8 41,£ 0 0 

W '4'Ca
10, 0 r . 1 U '

a 1 u a .
- U 41 5 * F C -on

,c 

l 
i- 

l 
o 

-
'~ 

i 

41



.- r aL XI I

.0 .f -ft 0 00 ft ~ f

ftf 7a w4 0a4P 003

ft *4 0 Q* 0 0*t t t f

W .4 ft 7 P 4M 4 ft 3 * *
. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 100* N . th 000 4 U ~ 0- -*

a0 a1 0' 0 4 NJ c
U ~ ~ ~ ~ ~ ~ ~ r 0 t f U* U f t f

* ~ ~ ~ ~ ~ ~ f rp ftf t f U * * * 4 0

r0 01 U N0U * 7 * 0 4 7 t N *

*4 f U I *1 M 0 . ft 01 8 * U N

U ft U h U 3. ftt

0~t Ut 0r 64 3 -C ttft 4 *

0~o I. Uf Nw- U 0f

N If0ft0

.0 ft *
0~~4 n 4 M

0 0 N 4 *4 3ftO
0~~~ II 01 70 -U 0. *

0. *4 0 I ft to
0.0 0ft 0 ft 01A

U 0.*4 ftt

ft *4 *4 ft*



4, .0 0 0 04 C4UUU . - 4

a 0 .1 -0 w 0 0 - 9) W1 . 2

.4 0 41. U 0 U 4' C U

C 1 C 1 A 0 c Aw4 1 44 4 .

* 4' 0 4 -4 4 0 - - 0 1 0 4'U 14 01 ~
0 4j z a .0 U 4 ' V *

I. a a 01 4 41 4w4 4 C
a~ ~ -a , . , 4 41 41 A1 4 , i a 4 '

~41 41 A : 0.c 0' U 4

- 1 0 41 On. a 4' 0 40

4'~' 44 0.M 4r a~a
c" v 60 41 94 0 .V U U

5' 4 0 A) CL U U 4 V . U S0
4 141 41 0 .1 0 44 440 .

11 4' m 31 01 U1

41 t;1U 2 1 * S C 5 .4 w -4 'o .
a 4,4 C 4, 4j

- ~ ~ 41 4,4 0

41~~ 4, 0"
4,a 0. c4 U

0 -.
0.0 ..0 ,4 24I,44~ ~~ 5' C&1 4 4

h , C 4 1 10 0f a 41 .4 1'
4 4, 0 u 0 2 .

C a -4 Me " a 4 44 ' 4
44, .4 (44 44 14 5 %U4

V A 14 & -4Q. ~
4, .0 0 c 44 0. 00 ' U 4

o V 40 U Va a
-4S I e . - 4 4

.C 4, 2 -4 4, 9, we I4V IB~

L 44 0 i 4A %d U4 (4 q0

0. U h ,94 0 (44 4 - 4 44

6uT-4oxjsnTX Azozs~o w*ivr-o

0 0 t t- Z/1- 89- SP5.- 8/c- cVr.- WE/- E

I- v 9 ,'* 0/ pts .9sl* P/t a a 0 1 Wit

SZ, I - tit* Z/1 09- sts*- S/- C?- ta

S~~~t 0 0 0 0 l M I I W

SE,. a ITO* +ti K; ITT ____



I7

Stage IL 2L 3L 4U 4L SU SL 6U 6L

Control +f +Af +2 +Af 2  -Af 2  -atI

Ii  all 2P all E 3P" allE 2P

fl 3.048 4.5 4.5 0 4.5 0 4.5 0 4.5

f2 0 0 0.625 1 1 -1 o.75 -1 0

m1 -0.143 -0.608 -0.375 1 0 -1/2 -0.125 -3/4 -0.688

I2 1 1 0.844 0.14 0.938 1/4 1 0 1

I3 -0.143 -0.688 -1 0 -1 1/2 -0.875 1/4 -0.688

terminate 2P' fl,4.S 3P- f2 1 2P f2 0

Table 2

Complete History Illustrating
Incremental Plastic Collapse
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Stage iL 2L 3U 3a 3L 4U 4A 4L SU SL &U 6L

Control +f I Afl -AfI -fl +Af1  +f 1

all Z 27 .11 2 2P

fi 3.048 4.5 -1 -6.095 -1.595 -1 -2.905-4.5 1 1.595 1 4.5

f2 0 0 0 0 0 0 0 0 0 0 0 0

-0.143 -0.680 3/64 0.296 -0.402 3/8 1.089 0.688 -3/64 0.402 -3/8 -0.688

R2  1 1 -21/64 -2 -1 0 0 0 21/64 1 0 1

33 -0.143 -0.69 3/64 -0.26 -0.402 3/8 1.009 0.668 3/64 0.402 -3/0 -0.680

terminate 2P
+  

fl-4.S 2P- f2--4.5 2P 
+  

fl-4•5

Table 3

Complete History Illustrating

Alternating Plastic Collapse
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Stage Control momnta ti f2 as DTerminate

IL 6.4 0 -0.8+1.6x -0.8+1.6x-3.2(x-l)7~ Pat x-1.25

2L 6.9 0 -0.913+1.7x -0.9134.l.7x-3.4(2c-l) 2  f -6.8

3L 6.6 0.175 -0.826+1.613x -0.826.l.613x-3.4(x-l)
2  

P-at x-2

4U +A2 P at x-2 0 1 1-1/2x 1-1/2x

460 0.025 0.025-0.013x 0.025-0.013x

4L 6.8 0.2 -0.84.1.6x -0.9+l.6x-3.4(z-1) 2 f 2 0.2

5U -Af 1  all elastic -l 0 1/8-1/4x 1/8-1/4x41/2(x-1) 
2

560.08 0 0.01-0.02x 0.01-0.02x.0.04(x-1) 
2

5L 6.72 0.2 -0.79+1.58x -0.79+1.58x-3.36(x-lj
2  

f 1 -6.72

EU -A2 all elastic 0 -1 -1/2.1/2x -1/2+l/2x

64 0 0.2 -0.l*0.lx -0.1+0.lx

61, 6.72 0 -0.89+1.68x -0.S9+1.66X-3.36Cx-1) 2 Pat x-l.2S

7UT +Af1  P~at xl1.25 1 0 -9/32+1/4x -9/32+1/4x-l/2(x-l) 
2

7a~ 0.08 0 0.023+0.02x 0.023.0.02x-0.04(x-l)
2

7L 6.8 0 -0.913+1.7x -0.9l3+1.7x-3.4(x-l)2 f -6.8

Table 8

ComPlete History Illustrating Incremental

Plastic Collapse with Distributed Load
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